Insulin signaling in vascular endothelial cells: a key role for heterotrimeric G proteins revealed by siRNA-mediated Gbeta1 knockdown.
Activation of insulin receptors stimulates the phosphoinositide 3-kinase (PI3-K)/Akt signaling pathway in vascular endothelial cells. Heterotrimeric G proteins appear to modulate some of the cellular responses that are initiated by receptor tyrosine kinases, but the roles of specific G protein subunits in signaling are less clearly defined. We found that insulin treatment of cultured bovine aortic endothelial cells (BAEC) activates the alpha isoform of PI3-K (PI3-Kalpha) and discovered that purified G protein Gbeta1gamma2 inhibits PI3-Kalpha enzyme activity. Transfection of BAEC with a duplex siRNA targeting bovine Gbeta1 leads to a 90% knockdown in Gbeta1 protein levels, with no effect on expression of other G protein subunits. siRNA-mediated Gbeta1 knockdown markedly and specifically potentiates insulin-dependent activation of kinase Akt, likely reflecting the removal of the inhibitory effect of Gbetagamma on PI3-Kalpha activity. Insulin-induced tyrosine phosphorylation of insulin receptors is unaffected by Gbeta1 siRNA. By contrast, Gbeta1 knockdown leads to a significant decrease in the level of serine phosphorylation of the insulin receptor substrate IRS-1. We explored the effects of siRNA on several serine/threonine protein kinases that have been implicated in insulin signaling. Gbeta1 siRNA significantly attenuates phosphorylation of the 70 kDa ribosomal protein S6 kinase (p70S6K) in the basal state and following insulin treatment. We also found that IGF-1-initiated activation of Akt is significantly enhanced after siRNA-mediated Gbeta1 knockdown, while IGF-1-induced p70S6K activation is markedly suppressed following transfection of Gbeta1 siRNA. We propose that Gbeta1 participates in the activation of p70S6K, which in turn promotes the serine phosphorylation and inhibition of IRS-1. Taken together, these studies suggest that Gbeta1 plays an important role in insulin and IGF-1 signaling in endothelial cells, both by inhibiting the activity of PI3-Kalpha and by stimulating pathways that lead to activation of protein kinase p70S6K and to the serine phosphorylation of IRS-1.